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QUARTERLY REPORT - PROJECT 2 1 1  - NASA 

The following is a summary o f  the progress for the periqd 

11 June - 11 September, 1963 on NASw-726, "Basic Studies on 

Dispersion Hardening". 

INTERFACIAL AND STRAIN ENERGY MEASUREMENTS 
BETWEENDISPERSED SECOND PHASE AND MATRIX METAL 

Techniques -- 
The measurement of interfacial and strain energies between 

dispersed second phase and matrix metal is made possible by 

recent advances in measuring instruments. The interfacial 

energy I s  a function of misorientation, therefore the measur- 

ing of it will reveal data which makes it possible to calcu- 

late the energies present at interfaces. 

The methods which will be used are: 

a) X-ray measurements %combined with 
Fourier analysis . 

b) High powered transmission electron 
microscopy. 

a) Measurements o f  lattice strain due to fine dispersed 
particles and the relation of this strain to the strain 
energy introduced by these particles. 

It is proposed that a straight dispersion hardened system, 

such as nickel A1 0 be studied by means of x-ray diffraution 

t o  determine the contribution that small coherent or incoherent 

dispersed particles make to the total strain configuration o f  

2 3' 
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t h e  l a t t i c e .  I t  i s  known t h a t  t he  hardening e f f e c t  of 

these  p a r t i c l e s  i s  due p r imar i ly  t o  t h e  s t r a i n  f i e l d  in-  

troduced b y  them and i s  d i r e c t l y  r e l a t e d  t o  the  s t r a i n  

f i e l d  and i t s  i n t e r a c t i o n  w i t h  d i s l o c a t i o n s  moving 

through. 

Since t h e  p a r t i c l e s  themselves are r e l a t i v e l y  hard 

oxides ,  such as T iOZ,  S i 0 2 ,  A 1  0 

t he  i n t e r f a c e  s t r a i n  must  be accommodated b y  the  surround- 

e t c . ,  t h e  m a j o r i t y  o f  
2 3' 

i n g  matr ix  l a t t i c e .  I t  i s  furthermore bel ieved t h a t  t h i s  

s t r a i n  may p o s s i b l y  be of a magnitude such as t o  produce 

measurable l i n e  broadening of a l l  x - r ay  d i f f r a c t i o n  peaks 

from t h e  matr ix  ma te r i a l  and t h i t  a very c a r e f u l  measure- 

ment of t h i s  broadening cou ld  be d i r e c t l y  r e l a t e d  t o  I t .  

I t  is ,  o f  course,  necessary t o  have a s t r a i n  f r e e  specimen 

t o  compare w i t h  t h e  d i spe r s ion  hardened ma te r i a l s  and t o  

analyze the  data i n  such a fash ion  as t o  i s o l a t e  t h e  s t r a i n  

due t o  the  f i n e  p a r t i c l e s .  A technique r ead i ly  app l i cab le  

t o  t h i s  end i s  the  Fourier  a n a l y s i s  developed b y  Warren 

and Averbach and f u l l y  descr ibed b y  Warren's review 

a r t i c l e .  * 

it 
' .. B. E. Warren, t@X-RAY STUDIES OF DEFORMED METALS", Prog. 

i n  Metal P h y s i c s ,  Vol.  8, Pergamon Press ,  1959, P. 147. 



The intensite distribution of an x-ray diffraction 

peak of the type (001) may be represented as: 

3 p 2 0  = K(0) Nn <: An(1) Cos 2 TT n h 

Where: N = Total number of cells 
h = Number of reciprocal lattice 

spacings in direction perpen- 
dicular t o  plane 

which is a one dimensional Fourier cosine series whose 

coefficients An (1) may be written from diffraction theory 

as: 

Where: Nn = Number of cells in a unit 
length of column perpendicular 
to diffraction plane 

= Total number of cells in column N3 

These coefficients can be considered as compressed 

essentially of a size effect and strain effect term and 

can be separated as follows: 

square strain. 
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The terms L r e f e r  t o  the length  o f  a d i f f r a c t i n g  
2 2 column = na3, lo = h + k + l2 f o r  any c r y s t a l l i n e  r e -  

f l e c t i o n  h k 1 and a. i s  the  l a t t i c e  cons tan t .  Fo r  d i f f e r -  

e n t  orders  of 

f o r  d i f f e r e n t  

values  o f  t h e  

a s e t  of ( h  k 1) planes a p l o t  of I n  AL VS lo 2 

values o f  the averaging d i s t a n c e  L- y i e l d s  

roo t  means square s t r a i n  and of  the p a r t i c l e  

s i ze  c o e f f i c i e n t .  If one chooses the averaging d i s t ance  

appropr ia te  t o  the  p a r t i c u l a r  case i n  ques t ion  - namely 

one-half the  i n t e r p a r t i c l e  spacing - one shou ld  t h u s  have 

an unequivocal measure of s t r a i n  a s soc ia t ed  w i t h  each 

p a r t i c l e  i n  the  d i spe r s ion  s t rengthening process.  

A very simple t e s t  f o r  t h i s  procedure would be t o  take 

a sample which has no p a r t i c l e s  d i spersed  i n  i t  and run a 

v e r y  acc'urate s t e p  counted d i f f r a c t i o n  p a t t e r n  o f  f i v e  

o rde r s  (due t o  the  overlapping of t h i r d  o rde r  r e f l e c t i o n  

w i t h  o t h e r  r e f l e c t i o n s )  o f  h k 1 f o r  two d i f f e r e n t  h k 1 

planes o f  t he  m a t r i x  phase. T h i s  would be fo l lowed b y  an 

optimum d i spe r s ion  i n  the  same matr ix  f o r  t he  given compo- 

a i t i o r ;  such as t o  produce close t o  optimum hardness, a f t e r  

which  t he  d i f f r a c t i o n  procedure would be repeated. Using 

t h e  s o l u t i o n  t r e a t e d  sample ( o f  f i n e  g r a i n  s i z e  t o  e l imi-  

n a t e  extraneous e f f e c t s )  a s  a c o r r e c t i o n  sample, one could 

then  apply the  above Fourier a n a l y s i s  t o  ob ta in  the  A 1  0 

f o r  t h e  appropr ia te  values o f  L f o r  the p a r t i c l e  s t r eng th -  
2 3  

ened ma te r i a l .  



The measurements as previously stated would hopefully 

yield a significant value o f  ( E 2 )  = ( $ 

for the strain as averaged over half of the interparticle 

spacing within the matrix. This strain would then be 

directly relatable to strain energy, state of particle 

coherency, and through an appropriate model, to particle 

interfacial energy. 

The latest x-ray diffraction equipment will be utilized 

(Picker Biplane Diffractometer). 

cally step scanned and a digital print out will record the 

information which, in turn, shall be fed into a computer 

and analyzed 

Peaks will be automati- 

b) The second method is visual observation of lattice 
distortion of the matrix around the dispersed particles. 

The new Hitachi Model H U - 1 1  electron microscope in our 

laboratories is one of  the latest developments in the field 

of electron microscopy. The resolution limit of this unit 

I s  better than 7 angstrom, which is less than twice that of 

the theoretical limitations. 

With the aid of this instrument we can observe lattice 

distortion on a thin film of dispersion hardened materials. 

Method of sample preparation being utilized is electrolytic 

dissolving (Bollmann technique) . 
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The test will be visual observation, photographic 

measuring techniques and graded grid measureinents of lattice 

plane distortions by transmission electron microscopy. With 

the collected data we will be able to draw a map about the 

strain field around each particle examined. 

We will also be able to measure misorientations, ( 6 ) ,  

which is directly relatable to interfacial energies. 

I. Part I - Initial Materials Preparation 

A .  Materials 

As outlined in the basic work statement, the materials 

to be utilized in the program were nickel-base, dilute solid 

solution alloys. These were to be internally oxidized to 

form Ni-A1 0 

Ni-Th 0 to be obtained commercially. 

B. Preparation 

Ni-Ti02, and Ni-Si02, the fourth alloy, 
2 3' 
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It was decided at the outset t o  fabricate two nlloys of 

each material, one having a low and the other a high volume 

percent of oxide in order that comparisons of dislocation pat- 

terns and movements and x-ray line-broadening could be made 

within each material system, as well as between different 

materials. 

Some material was available at Ilikon from previous re- 

search programs; however, the greater part of the materials 

had to be fabricated from alloy chips. The fabrication pro-  



cedure was as f o l l o w s :  The chips were ba l l -mi l l ed  and s ieved a t  

pe r iod ic  i n t e r v a l s  t o  separa te  o u t  t he  f i n e r  -270 mesh p a r t i c l e s .  

I n t e r n a l  ox ida t ion  was c a r r i e d  out  using t h e  r e s u l t a n t  -270 mesh 

powder as the  matr ix  i n  a Lindberg tube furnace.  

amount of oxygen was provided b y  a mixture of N i - N i O  (1:8 r a t i o )  

powder. A l l  i n t e r n a l  ox ida t ion  t reatments  were c a r r i e d  o u t  a t  

7 5 O o C  ( i n  low oxygen par t ia l  p r e s s u r e s ) .  

hydrogen reduced t o  e l imina te  a l l  t r a c e s  o f  N i O  which may have 

been formed on t h e  a l l o y  p a r t i c l e s ,  and furnace cooled under 

hydrogen (Reference 7 )  . 

The proper  

The powders were then 

C . Fabr i ca t ion  

The t r e a t e d  powders were then  packed i n t o  a rubber hose, 

and h y d r o s t a t i c a l l y  pressed a t  30,000 p s i .  Af t e r  press ing ,  t h e  

b i l l e t s  were hydrogen reduced i n  a double reduct ion  process t o  

e l imina te  n i cke l  oxide which may have formed dur ing  packing. 

The b i l l e t s  were then s i n t e r e d  i n  t h e  same environment a t  9OO0C 

f o r  e i g h t  hours,  a f te r  which the  s i n t e r e d  b i l l e t s  were canned 

and extruded a t  a r a t i o  o f  1:40 and l l O O ° C .  The f i n a l  sample 

s i z e  was a b o u t  0.3" diameter i n  c ros s - sec t ion .  

n i c k e l  powder ( - 2 7 0  mesh) was cold-pressed and s i n t e r e d  under 

hydrogen, then canned and extruded i n  a manner analagous t o  t h e  

i n t e r n a l l y  oxidized specimens. 

used as a s tandard f o r  most measurements. 

A sample of pure 

The pure  n i c k e l  sample w i l l  be 

D. Fiesults 

The r e s u l t s  of the  i n t e r n a l  ox ida t ion  t rea tments  ( i n  terms 
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of particle sizes and distributions) are shown in Table I for 

the Ni-A1 0 Ni-TiOZ, and Ni-SiOZ alloys. The photomicro- 

graphs of Figures 1 to 4 show some-typical microstructures. 
2 3' 

11. Part I1 - Thinning Technique and Related Electron 
Microscopy 

A .  Preparation for Thinning 

The bulk of the initial thinning was carried out on alloy 

No. IL-4 (with high silica content), since a good deal of this 

material was available at the beginning for the purpose of 

establishing thinning procedures. Wafers approximately 1/16'' 

'in thickness were sliced from the extruded bars in both trans- 

verse and longitudinal sections. The samples were then 

mounted in de Khotinsky cement for further thinning by grind- 

ing and polishing. Mechanical polishing brought section 

thicknesses to about 0.02 inches and subsequent rolling 

(interrupted by a short anneal) resulted in final thickness 

in the area of 0.005 inches. This was found to be an optimum 

thickness for the start of electrolytic thinning. All work 

ir, the prngram has been carried out on transverse sections of 

the as-extruded material. 

B. Production of Foils by Electropolishinq 

Techniques for the preparation of thin foils of metals 

and alloys are described in References 1 and 2. However, 

thinning of dispersion-strengthened systems is relatively 
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new, and References 3 ,  4, and 5 sum up the  s i g n i f i c a n t  e f f o r t s  

i n  t h i s  a r ea .  References 3 and 4 d e a l  w i t h  A 1 - A 1  0 (SAP-type) 
2 3  

a l l o y s ,  and Reference 5 w i t h  Cu-A1 0 Ni-TIB2,  and Ni -TIC .  
2 3'  

No s p e c i f i c  experience has been encountered i n  the l i t e r a t u r e  

i n  t h e  a r e a  o f  n i c k e l  . w i t h  ,dispersed ,ox ides .  

A t  t h e  o u t s e t ,  the  thinning technique u t i l i z e d  was t h e  

Bollman method (Reference 6 ) .  Very b r i e f l y ,  t he  experimental  

system employs two s t a i n l e s s  s t e e l  po in t  cathodes,  and two 

p l a t e  cathodes,  w i t h  t h e  specimen a s  anode. I n i t i a l l y ,  the  

poin t  cathodes are placed about  1 mm from the  specimen. I n  

order  t o  a v o i d  p r e f e r e n t i a l  po l i sh ing  a t  the specimen edges, 

a "window" is masked o f f  a t  t h e  specimen cen te r  (1-4 cmL i n  

area) and t h e  cathodes a r e  a l so  masked, wi th  t h e  except ion 

of the t i p s ,  b y  means of a nonconducting lacquer .*  Elec t ro-  

po l i sh ing  is then c a r r i e d  out  u n t i l  a hole  j u s t  ba re ly  appears 

a t  t h e  c e n t e r  of t h e  specimen. After t h i s ,  t h e  po in t  cathodes 

are withdrawn and subsequent po l i sh ing  is continued b y  means 

of t h e  p l a t e  cathodes i n  o r d e r  t o  provide more uniform t h i n -  

n ing .  I n  e f f e c t ,  the  r e s u l t  i s  a t h i n  wedge o f  r evo lu t ion  

arouiid the h o l e ,  the  objec t ive  being t o  ob ta in  a s e c t i o n  

wi th  a very low wedge angle  i n  order  t o  provide as l a r g e  an 

area as poss ib l e  f o r  viewing b y  t ransmission e l e c t r o n  micro- 

scopy. Figure 5 shows the  Bollman f i x t u r e  wi th  a specimen i n  

p l ace ,  ready t o  be s e t  i n t o  t h e  po l i sh ing  e l e c t r o l y t e .  

* Microstop, a product of Michigan Chrome and Chemical Company, 
De t ro i t ,  Michigan. 



The f i r s t  a t tempts  at  thinning the n i c k e l - s i l i c a  spec i -  

mens revealed the  following d i f f i c u l t i e s :  

a .  The edges o f  t he  specimens showed p re fe r -  
e n t i a l  po l i sh ing .  T h i s  was due t o  a low 
c u r r e n t  d e n s i t y .  

b .  Using a very h i g h  cur ren t  d e n s i t y ,  p refer -  
e n t i a l  po l i sh ing  occurs a t  the  cen te r  of 
the  specimens, b u t  subsequent th inning  
had t o  be c a r r i e d  o u t  q u i t e  c a r e f u l l y  a t  
t h i s  p o i n t ,  s ince the holes  can round o f f ,  
and t h e  t h i n  regions are l o s t .  

c .  A t  low cu r ren t  d e n s i t i e s ,  an oxide f i l m  
build-up was observed on the  su r face  of 
t h e  specimens, and t h i s  c r ea t ed  much d i f f i -  

, c u l t y  i n  obta in ing  s u i t a b l e  t h i n  f i lms,  
s ince  many a r t i f a c t s  r e s u l t e d .  

The f i r s t  group o f  specimens was prepared using s t a i n l e s s  

s t e e l  cathodes,  w i t h  the  e l e c t r o l y t e  composed o f :  

235% perch lo r i c  ac id  

77% g l a c i a l  a c e t i c  ac id  

t 'oltage: 20-25  v e l t s ;  

i n  i c e  water bath 

2 Current. Density: up t o  1 amp/cm 

Af te r  po l i sh ing ,  the  specimens were washed wi th  methyl a l coho l ,  

Usually,  the  a l c o h o l  was i n s u f f i c i e n t  t o  d i s so lve  the  sur face  

r e s idues ,  and a mixture of the fol lowing was used t o  c l ean  t h e  

oxide and o t h e r  res idues  f rom t h e  sur faces :  



70% orthophosphoric acid 

5% nitric acid 

10% glacial acetic acid 

15% water 

at 95Oc 

This mixture was used as a straight chemical polish, but, thus 

far, has not shown good results. Further work will be done 

with this mixture, however. 

Our experience has indicated that an alloy with high volume 

percent of oxide dispersion gives greater difficulty in thinning 

than one with a low dispersoid content. 

ledged in References 3 ,  4, and 5.  

This has been acknow- 

Several electropolishing media were used in attempts to 

determine the best possible system f o r  the thinning o f  the 

nickel-silica alloys. 

consisting of: 

The best medium to date has been a bath 

67% methyl alcohol (abs.) 
33% nitric acid (conc.) 

Voltage: about 30 volts; Current Density: 0 . 5  amp/cm 2 

Figures 6 to 9 indicate mine typical r e s u l t s  of thinning 

using the nitric acid-methyl alcohol medium. 

the typical substructure in an area free of dispersoid in alloy 

IL-4.  Figures 7, 8, and 9 show the large silica particles in 

the IL-4  system, with Figures 8 and 9 showing the selective 

polishing at the periphery of the particles. 

Figure 6 shows 

Figure 10 shows 



the presence of holes in a film where oxide particles have 

fallen out due to selective attack at the oxide matrix 

boundary by the electropolish. 

Another thinning technique which is being utilized is 

the jet-machining technique. The experimental layout is 

shown in Figure 11, and shows the specimen (anode) masked 

with Microstop, the glass orifice, containing the platinum 

cathode, an acid reservoir, peristaltic pump system, and 

power source. The electrolyte consists of a mixture of 

10% nitric acid in water containing 2 5  gm/liter of CrO 

(after Reference 3 ) .  This is an initial thinning method, 

which should leave some oxide residue. The residue may be 

3 

eliminated by adding a solvent to the acid, o r  by a secon- 

dary chemical polish using the hot acid mixture noted above. 

111. Part I11 - Work in Progress and in Planning 
The current work in progress includes: 

A. The continuation of electropolishing of 
the other materials, in addition to the 
nickel-silica alloys, ming t.he nitric 
acid-methyl alcohol electropolish, and 
also working with the jet-machining 
system described above and other electro- 
polishing media. 

B. Identification of particles and residues 
by electron diffraction. 
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C. Determination of dislocation structures 
and pinning by dispersoid particles by 
transmission electron microscopy. 

D. Heat treatments of alloys f o r  agglomera- 
tion studies. 

E. Initial efforts in line-broadening studies 
by x-ray diffraction. 
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Fig. 1 Typical Microstructure Showing 
Low Volume % Oxide Ni-A1 0 2 3  1ooox 

Fig. 2 Typical Microstructure Showing 
High Volume $ Oxide Ni-A1203 1ooox 



Fig. 3 Typical Microstructure Showing 
1ooox 2 

Low Volume % Oxide Ni-Si0 

Fig. 4 Typical Microstructure Showing 
High Volume % Oxide N i - S i 0  1ooox 

2 



Fig. 5 Bollman Fixture with a Specimen 
in Place, ready to be set into 
t h e  Polishing Electrolyte 

Fig. 6 Typical Microstructure in an Area 
Free of Dispersoid in Alloy I L - 4  220,OOOX 



Fig. 7 Microstructure of IL-4 Showing 
Large Silica Particles 52 ,  ooox 

Fig. 8 Microstructure of IL-4 Showing 
Large Silica Particles 86,000) 



F i g .  9 T y p i c a l  M i c r o s t r u c t u r e  o f  IL-4 
60 ,  ooox 

F i g .  10 S e l e c t i v e  P o l i s h i n g  a t  t h e  P e r i p h e r y  
o f  t he  P a r t i c l e s .  The P r e s e n c e  of  
h o l e s  i n  a f i l m  where Oxide P a r t i c l e s  
have f a l l e n  o u t .  1 6 ,  ooox 



.. . 
1 . ..I, , .. pi. 

, .  

.I. 

Fig. 11 Experimental Layout f o r  Jet-Machining 
Technique 


